Aims: The purpose of the current study was to examine the longitudinal reciprocal relationship between depression and drinking among male adults from the general population. Short summary: This study found that problem drinking was a risk factor for development of depression. Therefore, more attention should be given to problem alcohol use in the general population and evaluation of past alcohol use history in patients with depressive disorders. Methods: This study used a panel dataset from the Korean Welfare Panel (from 2011 to 2014). The subjects were 2511 male adults aged between 20 and 65 years. Based on the Korean Version of the Alcohol Use Disorders Identification Test (AUDIT-K) scores, 2191 subjects were categorized as the control group (AUDIT-K < 12) and 320 subjects were categorized as the problem drinking group (AUDIT-K ≥ 12). An autoregressive cross-lagged modelling analysis was performed to investigate the mutual relationship between problem drinking and depression measured consecutively over time. Results: The results indicated that alcohol drinking and depression were stable over time. In the control group, there was no significant causal relationship between problem drinking and depression while in the problem drinking group, drinking in the previous year significantly influenced depression in the following second, third and fourth years. Conclusion: This study compared normal versus problem drinkers and showed a 4-year mutual causal relationship between depression and drinking. No longitudinal interaction between drinking and depression occurred in normal drinkers, while drinking intensified depression over time in problem drinkers.
INTRODUCTION
Alcohol use disorder (AUD) is a brain disease that impairs the structure and function of the brain (Bühler and Mann, 2011) , and its lifetime prevalence is reported to be 13.4% (men 20.7%, women 6.1%) (Ministry of Health and Welfare, 2012) . AUD is commonly comorbid with depression, bipolar disorder, panic disorder and antisocial personality disorder (Kumar et al., 2010; Klimkiewicz et al., 2015) .
The National Epidemiologic Survey on Alcohol and Related Conditions III studied 36,309 US citizens on alcohol related dynamics during 2012-2013 and found an important relationship between adjusted odds ratios of 12-month and Lifetime DSM-5 AUD and other psychiatric disorders (Grant et al., 2015) , which were 1.2-1.4 times in major depression disorders following the severity of AUD. Also, according to the Korean Epidemiologic Survey, the zero-order odds ratio of comorbidity of alcohol dependence and major depressive disorder was 3.9 (2.2-7.0) (Ministry of Health and Welfare, 2012) . Park et al. (2015) reported that half (N = 402) of patients with depression drank more than one bottle of 'Soju' (the most popular distilled liquor in Korea; one bottle contains 72 g of alcohol), showing risky levels of alcohol consumption. Coryell et al. (1992) noted that since alcoholism and major depression are relatively common and related to high chronicity and morbidity of the two conditions, their mutual relationship is more important than that of other disorders.
Some researchers have reported that a high degree of comorbidity negatively affects clinical progress (Grant and Harford, 1995; Gilman and Abraham, 2001 ). For example, AUD prolongs the course of depression (Mueller et al., 1994) , as persistent depressive symptoms during abstinence act as a risk factor in relapse drinking (Greenfield et al., 1998; Hasin et al., 2002) , and AUD increases the risk of suicide (Berglund, 1984; Cornelius et al., 1995; Grant and Hasin, 1999) and aggravates other drug dependence such as nicotine (Rounsaville et al., 1987; Kranzler et al., 1996) .
There is an ongoing debate regarding the cause of the high prevalence of comorbid AUD and mood disorder (Coryell et al., 1992) . There are three possible explanations for the comorbidity mechanism of MDD and AUD. First, depression is induced by the pharmacodynamic effect of alcohol. Second, alcoholism results from self-treatment of depression. Third, job loss because of alcoholism causes major depression (Kessler and Price, 1993; Merikangas et al., 1994; Compton et al., 2000; Sadock and Sadock, 2011) .
Biological hypotheses suggest the high comorbidity of AUD and depression could be mediated by dysfunction of the hypothalamicpituitary-adrenal (HPA) axis, which is often found in patients with AUD or depression (Sadock et al., 2015) . Chronic alcohol consumption and hypercortisolaemia are both neurotoxic (Sapolsky, 1986 (Sapolsky, , 1993 (Sapolsky, , 2000 , causing dysregulation of the HPA axis negative feedback system. Hypercortisolaemia can trigger changes in norepinephrine and serotonin neurotransmission, which are neurotransmitters implicated in the pathogenesis of depression (Watson and Mackin, 2006) . Thus, hypercortisolaemia, common in both chronic alcohol consumption and depression, could explain the high comorbidity.
Furthermore, there could be another explanation, that the relationship between AUD and depression may be overestimated, because mental illnesses are more prevalent in clinical populations than the general population (Allen and Francis, 1986) .
Thus, it is necessary to identify the causal relationship between alcohol use and depression in the general population. This research separated normal drinkers (the control group) and those with drinking problems (the problem drinkers group) based on longitudinal data from the general population and aimed to examine aspects of the causal relationship between depression and drinking of each group over time.
METHODS

Subjects
The data used in this study were extracted from the nationally representative Korean Welfare Panel Study. The Korea Welfare Panel was established in 2006 and involves sampling from 90% of the population and a housing census (except islands and special facilities), allowing representation of the whole country including Jeju island.
This study used 4-year data from 2011 to 2014. The subjects were 2511 adult males from 20 to 65 years old. The control group and the problem drinking group were separated based on a cut-off point of 12 from the results of the Korean version of the Alcohol Use Disorders Identification Test (AUDIT-K) answered in 2011, the beginning point of the research data. Hence, a normal drinking group of 2191 and a problem drinking group of 320 people were analysed.
Measures
Korean version of the AUDIT-K To measure problem drinking levels in the panel data, the AUDIT was used, which consists of 10 items rated on a 5-point Likert scale developed by the World Health Organization (WHO) (Babor et al., 2001) . The total score ranges from 0 to 40 points and higher scores indicate higher levels of problem drinking. The standardized score of 'drinking with risk' from the AUDIT, developed by the WHO, is more than 8 points. On the other hand, when the Korean version was translated, standardized, and verified for its validity and reliability by Kim et al. (1999) , cut-off scores of 12 or more were recommended as 'problem drinking'. Therefore, Kim et al. (1999) recommended that a cut-off point of more than 12 be used for standardization if the purpose is to screen for 'problem drinking' within biological-psychological-social concepts, considering the high prevalence of AUD in Korea.
Moreover, the Korean Ministry of Health and Welfare modified the AUDIT for the Korean environment in 2009 to develop the AUDIT-K and examined its reliability and validity. Based on this test, the Ministry recommended a cut-off of 12 points for 'problem drinking'. Therefore, this study used a cut-off point of 12 for 'problem drinking'.
Centre for Epidemiological Studies Depression Scale (CESD-11)
Depression was assessed using the 11-item Centre for Epidemiological Studies Depression Scale (CESD-11) (Radloff, 1977) with a 4-point Likert scale. Higher scores indicate higher levels of depression.
Research questions
The following were the research questions considered in both the problem drinking and control groups. 
Statistical analysis
This study applied autoregressive cross-lagged (ARCL) modelling analysis to investigate the mutual and causal relationship between alcohol drinking and depression measured consecutively over time. ARCL combines an autoregressive model that describes the value at the time of [t] with the value at the time of [t−1], with a cross-lagged effect model that can detect the mutual effect of both variables considering the time lag (Fig. 1) . Since ARCL is a model used to study the non-recursive relationship longitudinally, it is useful to analyse the causal relationship between two factors (Hong, 2008) (Fig. 1) .
To analyse the data, the order of analysis should be as follows: analysing the homogeneity of measurements → the homogeneity of paths → the homogeneity of error covariance. The homogeneity test of error covariance verifies whether the error covariance is stable each time it is measured (Kim et al., 2009) . To measure the homogeneity of measurements, paths, and the error covariance, six competitive models were set and compared.
Moreover, to evaluate the model fitness, χ 2 tests, incremental fit indices such as the comparative fit index (CFI), normed fit index (NFI), and Tucker-Lewis Index (TLI), and absolute indices such as the goodness-of-fit index (GFI) and root mean square error of approximation (RMSEA) were used. Incremental fit indices larger than 0.9 indicate good model fit. Additionally, a RMSEA value under 0.05 indicates good model fit (Hu and Bentler, 1999) . For the data analysis, SPSS 19.0 was used for descriptive statistics and AMOS 21.0 was used for the main analysis, ARCL.
However, due to the characteristics of the panel data, there were some missing values which could have possibly caused errors in the results. Considering these missing values, full information maximum likelihood (FIML), which estimates parameters, was used. The FIML estimation method includes missing data in the analysis and is more accurate than other missing data approaches (Arbuckle, 1996) .
Model comparisons
Before performing analysis in accordance with the ARCL model, the following were the competing models set to verify the homogeneity of paths and error covariance ( Supplementary Fig. S1 ). To find the optimal model among the six mentioned above, the models were sequentially compared. Based on these comparison results, this study selected the basic model with no constraint (Model 1), which had the highest fitness as the final research model, and examined how the relationship between drinking and depression varied over time (Supplementary Table S1 ).
RESULTS
Subjects' general characteristics and correlations between variables
The average age of the normal drinking group was 46.9 years (SD = 0.22) whereas that of the problem drinking group was 49.9 (SD = 0.47). The normal drinking group's education level was higher than that of the problem drinking group; 51% (1118) had graduated from university, whereas 49.1% (157) of the problem drinking group were high school graduates. For both groups, more than 50% were married or cohabiting. More than 90% of both groups did not have any disability. Regarding religion, 41.5% (909) of the normal drinking group had a religion compared with 36.9% (118) of the problem drinking group. The mean AUDIT-K score of the normal drinking group was 5.16 whereas that of the problem drinking group was 14.92 (Table 1) .
All correlations between the variables ranged from 0.041 to 0.583 and were statistically significant (Supplementary Table S2 ).
Autoregressive cross-lagged relationships between drinking and depression
To evaluate the mutual influence of drinking and depression, ARCL modelling was applied to the data measured at four different times. Compared to other models, Model 1 (basic model with no constraint) was chosen as the final model for this study. ARCL analysis was applied to the selected model and the model was divided into a problem drinking group and a control group. The following are the specific results of the problem drinking group's and control group's path coefficient estimation (Table 2) . First, in the control group, the paths from one drinking timepoint to another and the longitudinal autoregressive coefficient from one depression timepoint to another were significant. This indicates that previous drinking had a meaningful influence on later drinking and the same applied for depression. Especially, drinking (ß = 0.465-0.550, P < 0.001) had a greater influence on the autoregression than depression (ß = 0.237-0.345, P < 0.001). However, the cross-regression coefficient from drinking to depression was not statistically significant in all four years of analysis. The cross-over regression coefficient from depression to alcohol was not statistically significant at any timepoints except from second-year depression to third-year drinking (ß = −0.071, P < 0.001) (Fig. 2) .
Second, in the problem drinking group, similar to the control group, both drinking and depression's auto-regression coefficients showed that the previous time (t − 1) significantly affected the later time (t) (Fig. 3) , which indicates that drinking and depression had a significant effect on later drinking and depression, respectively, over time. Furthermore, the problem drinking group showed a higher auto-regression coefficient for depression than the control group.
In contrast to the results in the control group, drinking of the previous time (t − 1) in the problem drinking group had a statistically significant influence on depression of a later time (ß = 0.170-0.232, P < 0.001). Additionally, previous drinking (t − 1, t, t + 1) had a significant effect on the cross-regression coefficients of depression at later periods (t, t + 1, t + 2). Thus, previous drinking of problem drinkers showed an intensifying effect on depression in the subsequent year and this continued to occur in all four years of analysis. However, the cross-regression coefficient from depression to drinking was statistically significant only in the first year of depression to the second year of drinking (ß = 0.230, P < 0.001) and appeared to be non-significant in the subsequent years.
DISCUSSION
This study aimed to investigate the mutual and causal relationship between drinking and depression in a control group (AUDIT-K < 12) and a problem drinking group (AUDIT-K ≥ 12) using longitudinal data of men who were 20-65 years old in Korea. Results showed the following. First, drinking alcohol showed a positive autoregressive longitudinal relationship in both the control and problem drinking groups. Second, depression showed a positive autoregressive longitudinal relationship in both control and problem drinking groups. Third, the effect of drinking on depression differed between the control and problem drinking groups. In the control group, the effect of previous drinking on later depression was not significant. Conversely, in the problem drinking group, there was a constant significant positive relationship between previous drinking and later depression. Fourth, in the control and problem drinking groups, depression had a partial impact on later drinking, which was not significant.
Finally, there was a difference between the control group and problem drinking group in ARCL in terms of alcohol use and depression in Korean men. Research and clinical implications of these results are as follows.
Drinking and depression each appeared to have a positive fixed relationship over time, such that drinking in the first year increased drinking in the following year, and depression in the first year increased depression in the following year. As many prior studies have shown, AUD and depression can be seen as chronic diseases that worsen over time. In the problem drinking group, previous drinking increased depression in later years and this intensified over time. In contrast, the path from depression to drinking had a significant positive relationship only at the first and second time points of depression and did not have a significant influence afterwards. According to a 1-year longitudinal study that investigated the causal relationship between drinking and depression in a sample of 742 people in Los Angeles (Aneshenel and Huba, 1983) , drinking led to a decrease in depression at the beginning (4 or 8 months); however, in the long term (12 months), the level of depression increased as drinking increased. This is consistent with our finding that drinking predicted depression over time. We speculate that people may begin drinking to self-medicate or as a countermeasure to relieve depression, but over time the drinking exacerbates the level of depression.
Additionally, a meta-analysis of longitudinal research on the relationship between drinking and depression in the general population of the US, UK and Canada (Hartka et al., 1991) reported that previous drinking and depression predicted amounts of drinking and levels of depression at later time periods. These findings are consistent with the results of the present study.
In this study, there was no longitudinal interaction between drinking and depression in the control group, which reflects that the control group consisted of normal or low-risk drinkers in the general population. As such, there may not be a significant relationship between alcohol and depression in the general population. However, in the high-risk drinking group, continued drinking led to worsening of depression over time, which implies that problem drinking itself could be a risk factor for development of depression. However, because this study did not include a clinical sample, the results may be limited in their generalizability to AUD patients. There are several limitations to the current study. First, because it focused on the general population rather than a clinical population, no medical and diagnostic procedures were used to separate the normal drinking and high-risk drinking groups. Thus, the results should be interpreted with caution. Second, it is necessary to control various confounding variables to clarify the relationship between drinking and depression (Paschall et al., 2005) . The study has a limitation in that it examined relationships only using drinking and depression as variables without considering other confounding variables. Third, the study sample only included males, which limits its conclusions to Korean men. It is vital to study differences according to gender, and future studies need to include women.
Despite these limitations, this study is significant in that it explored what should be prioritized between alcohol drinking and depression and revealed what is irrelevant. Especially, the present study is meaningful since most existing studies are cross-sectional or partially longitudinal, only investigating the rate of change of one variable in one period affecting other variables over time. The present study rises above the limits of prior studies by examining how the relationship between the previous point and the next point of two separate variables changes.
CONCLUSION
We did not find a longitudinal mutual causal relationship between depression and drinking in the normal drinking group; however, a consistently significant influence of drinking on depression was found in the problem drinking group. Individuals may initially use alcohol to self-medicate for depression; however, over time, increased alcohol use may worsen the intensity of depression. Therefore, for patients with either or both conditions, that is problematic alcohol drinking and mood symptoms, it is necessary to explore the detailed history of each condition.
SUPPLEMENTARY MATERIAL
Supplementary data are available at Alcohol And Alcoholism online. B, non-standardized coefficients; β, standardized coefficients; CR, critical ratio. *P < 0.05, **P < 0.01, ***P < 0.001.
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